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を得るため，液体試料の pHの影響を受けてしまう. そのため, ISOのセンサーとしての
実応用性を改善するためには, この pH 依存性を克服しなければならない．そこで本研
究では，ISOの pH依存性を克服するとともに，近年注目されている分析基板である「紙」
と ISOをインクジェット印刷技術によって組み合わせることに成功した．本博士論文で
は，ISOによる分析における課題である，(1) pH依存性の解決 (第 2章，第 3章)，(2) 比
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Thesis Summary 
Simple and rapid quantification of cations is required in various fields of analytical 
chemistry. Therefore, ionophore-based ion-selective optodes (ISOs) have been extensively 
studied as powerful optical chemical sensors. The response function of ISOs relies on an 
ion-exchange equilibrium reaction involving protons of lipophilic pH indicators 
(chromoionophores) as reference ions. Due to the use of H+-responsive 
chromoionophores, ISOs suffer from inherent pH-dependence, which must be overcome 
for practical applications. This thesis focuses on the integration of ionophore-based ISOs 
into paper-based cation-sensing platforms by means of inkjet-printing technology, providing 
solutions for two main challenges: (i) the pH dependence of ISOs (chapters 2 and 3) and (ii) 
the requirement of analytical instruments for colorimetric signal readout (chapter 4). 
Chapter 1 summarizes the general background and the research motivation. 
Chapter 2 describes the integration of a classical film-based ISO into a paper-based 
sensing platform together with a pH-buffering function. The establishment of an 
ion-exchange equilibrium was achieved by eliminating evaporation of sample liquid through 
whole device lamination. The influence of the interaction between analyte cations and 
cellulosic paper substrates on the ISO response has been quantitatively investigated. 
Chapter 3 describes a new class of pH-independent cation-sensing system on a paper 
substrate. A positively charged fluorescent solvatochromic dye was used as alternative to a 
conventional H+-responsive chromoionophore, eliminating the pH-dependence of 
ISO-based assays. All sensing components were directly inkjet-printed onto wax-patterned 
paper wells to fabricate “plasticizer-free” ISOs, resulting in reduced assay times. 
Chapter 4 describes an instrument-free “distance-based” quantitative signal readout 
approach for ISOs. ISO nanospheres in the form of surfactant-based micelles have been 
reliably deposited on paper substrates with a simple thermal office inkjet printer. 
Pre-deposition of electrolytes providing an increased ionic strength environment after 
sample application resulted in improved assay sensitivity by reducing the interaction 
between cationic analytes and the paper substrate. The developed devices were applied to 
the quantification of Ca2+ in drinking and tap waters. 
Chapter 5 summarizes the results of this thesis and a future outlook. 
